Soil erosion is one of major environment problems in the world, and China is one of the most serious soil erosion country. In this paper, Fujian province was used as a study area for its typical red soil region. Based on USLE model, the soil erosion modulus in 1990 and 2015 were calculated and turned to soil erosion intensity. The soil erosion distribution trend in Fujian province was decrease from south-east coastal zone to north-west inland region. In soil erosion areas, the main erosion type was light level with about 80%, and the soil erosion levels above serious type were mainly sporadic distribution with less than 10%. The soil erosion improved for the past 25 years. The areas of different erosion types all decreased, and the total erosion area reduced by 26.59%. The improvement area mainly located in north-east, south and west region. The aggravation area mainly located in the north and some middle hilly regions. The impact of human activities is more significant for erosion control.
INTRODUCTION
Soil erosion is one of major environment problems in the world, and contributes about 85% of total global land degradation (Lin, et al, 2013) . It not only breaks down land resources and gives rise to some significant environmental disasters, such as deposition, drought and flood, but also directly affects the sustainable development of regional ecological and social environments, exerting a dramatic influence on human habitat and economic development.
During the past decades, various models have been proposed to estimate soil erosion. Despite their shortcomings and limitations, the USLE (Wischmeier and Smith,1978) and RUSLE (Renard et al., 1997) are still the most frequently used equations for estimation of soil erosion. This is mainly due to the simple, robust form of the equations as well as their success in predicting the average, long-term erosion. USLE and RUSLE have been applied to various spatial scales and region sizes in different environments worldwide (Gericke, 2015; Ali and Hagos, 2016; Karamage, et al, 2016; Jiang, et al, 2016; Lin et al, 2016) .
China is one of the most serious soil erosion country in the world. Red soil region is one of the four most serious regions in China, and Fujian province is one of the typical red soil regions. From 1980's, Fujian province has made great efforts to control the water and soil loss. For the past 30 years, the surface condition and the vegetation cover has changed much.
In this paper, the soil erosion of Fujian province in 1990 and 2015 were estimated based on USLE model, and the spatialtemporal change were analysed.
METERIALS AND METHODOLOGY

Study Area and Data
Fujian province lies in the southeast coast of China with a location of 23°33 ′ -28°20 ′ N and 115°50′ -120°40′ E (Figure 1 ). It is approximately 530 km long; the widest part is approximately 480 km and the total land area is 121400 km 2 . The mean elevation of Fujian is 475 m a.s.l. and the mean slope is around 15°.
It has geographical characteristics of mountain and hills as well as climatic characteristics of abundant precipitation and frequent rainstorm, which make it easy to cause soil erosion. The data used for the study included:
(1) Remote sensing data. Landsat series data, including 13 scenes of TM images acquired around 1990, and 13 scenes of OLI images acquired around 2015. The spatial resolution of TM and OLI images are 30m. These images were used for land use and land cover classification and fractional vegetation coverage calculation. In order to decrease the seasonal effects during images covering different areas in the same year or images covering the same area in different years, MODIS NDVI data or AVHRR GIMMS NDVI data were used for seasonal normalization.
(2) The DEM dataset, is the ASTER_GDEM seasonal normalization dataset with a spatial resolution of 30 m. In general, DEM changes little. So the data were used to calculated the slope length factor and the slope steepness factor both in 1990 and 2015.
(3) Precipitation data, were acquired from 21 stations in Fujian province shared by China Meteorological Data Sharing Network, and Co-kriging interpolation was used to establish spatial distribution. (4) Soil type coverage of Fujian Province.
Methodology
The USLE model was used for the estimation of soil erosion in Fujian province, which was closely related to six factors:
Where A = soil erosion modulus R = rainfall erosivity factor K = soil erodibility factor L = slope length factor S = slope steepness factor C = cover and management factor P = conservation practice factor The flowchart is shown in Figure 2 . Based on remote sensing data, soil type map, DEM and precipitation data, the six factors were estimated. After the soil erosion modulus being calculated, the changes of soil erosion were analysed. The way to calculate the factors is of importance for the reliability of results' estimation. Formulas developed or revised for local use and parameterization methods were used in this paper, which may lead to reasonable results.
The R factor was calculated on a simple model (formula 2) developed by Zhou et al (1995) for the use in Fujian province, based on precipitation data. (2) Where P i (i=1,2…12) is the monthly precipitation. The K factor was determined using soil type map and the research results from Fang and Ruan (2007) , especially aim at Fujian soil types (figure 3). L and S factors were calculated on the formulas proposed by Liu et al (2000) , based on DEM data. L is calculated by the follow formulas:
(3) Where λ = slope length m = slope length index, is calculated by formula 4. m=n/(1+n) (4) where n=(sinθ/0.0896)/(3.0*sin0.8θ+0.56), in which θ=slope degree S factor is calculated with different formulas according to the value of θ (formula 5).
L and S factors are calculated using DEM data (figure 4). 
When calculating FVC in large areas, a seasonal normalization method (Chen, et al, 2015) was used to eliminate the inconsistency of NDVI seasonal aspects, which using both
The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLII-2/W7, 2017 ISPRS Geospatial Week 2017, 18-22 September 2017, Wuhan, China low spatial high frequency data and higher spatial resolution and lower frequency data. In this paper, the former are MODIS NDVI used in 2015 and AVHRR GIMMS NDVI used in 1990, the latter are Landsat TM and OLI. TM data acquired around 1990 were all normalized to October 1990. The OLI images acquired around 2015 were all normalized to October 2015. The seasonal normalization method makes the NDVI data in large areas has comparability and consistency on the space. For other land use types, C factors were assigned different values (Fu, et al, 2006) , 0 for water body and Impervious surface, 0.230 for arable land, and 0.353 for other land covers.
RESULTS AND DISCUSSION
Change of R and C factors
In the USLE model, R and C factors vary more rapidly and frequently than other factors. The monthly precipitation is different in different years, and the vegetation coverage also changes every year. Figure 5 shows the distribution of R factor in 1990 and 2015. And figure 6 shows the distribution of C factor in 1990 and 2015.
Despite the monthly precipitation varies much in every year, but spatial distribution of the annual precipitation changes less. So the spatial distributions of R factor in both 1990 and 2015 were similar (figure 5), which strongly depended on the annual precipitation. The R values decreased from the south to the north overall. The larger values lay in the southern parts. The parts with lowest values lay in the middle of the northern region. The spatial distributions of C factor in both 1990 and 2015 were also similar (figure 6), which strongly depended on the fractional vegetation coverage. In both years, the C value presented decreasing trend from southeast coastal areas to northwest inland areas. The C value was much lower in 2015 than that in 1990. Especially in the most area of southeast coastal regions and some west regions, the C value is very high in 1990. While in 2015, the C value decreased much in the southeast coastal regions and some west regions. It indicates that the vegetation coverage had improved much from 1990 to 2015.
Analysis of soil erosion intensity
Based on equation (1), the soil erosion modulus of Fujian province in 1990 and 2015 were calculated. According to the Soil Erosion Standard from Ministry of Water Resources (Table  1) , the soil erosion modulus obtained were categorized into 6 erosion types (Figure 7) , which is slight, light, moderate, serious, extreme and severe. Slight level means that the erosion may be ignored. The results of 2015 were verified by the field survey, and results of 1990 was compared to the results of Chen et al (2011) . Both results in 2015 and 1990 were satisfactory.
Spatial patterns
The soil erosion was widely distributed in Fujian province, and its distribution trend was decrease from south-east coastal zone to north-west inland region (Figure 7) . The dominant soil erosion regions mainly located in the west and south-east, in which Quanzhou and Zhangzhou was the most serious and the erosion area percentage was bigger than those of other regions. The erosion areas in north and middle were much less.
The main soil erosion type was light type, and the area percentage was about 80% in the erosion area. The soil erosion levels above serious type (including serious, extreme and severe types) were mainly sporadic distribution, whose area percentage was less than 10% in the erosion area. The spatial distribution of the erosion intensity changes from 1990 to 2015 was shown in figure 8 . Overall, the soil erosion improved for the past 25 years. The improvement area mainly located in north-east region, south region and west region, which were highly consistent with the regions of vegetation improvement. The aggravation area mainly located in the north region, and some middle hilly regions. 
Dynamic Changes
The statics of different soil erosion types were list in table 2, where erosion rates (ER) were the ratios of the total erosion area (EA) and the provincial area (PA) (Formula 7). ER=EA/PA*100% (7)
In the same year, the areas of different erosion types decreased sharply from light to severe. The erosion area of light type was about 7.5 times of that of moderate type, the erosion area of moderate type was about 3.1 times of that of serious type, the erosion area of serious type was about 1.8 times of that of extreme type, and the erosion area of extreme type was about 1.9 times of that of severe type. The area ratio between light type and severe type was about 75. The percentage of different erosion types was shown in figure  9 . The area percentage of light type was about 80%, the area percentage of moderate type was about 10%. The area percentages of serious type, extreme type and severe type were about 3.5%, 2% and 1% respectively. The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLII-2/W7, 2017 ISPRS Geospatial Week 2017 , 18-22 September 2017 From 1990 to 2015, the total erosion area decreased from 14388.51km 2 to 10562.91km 2 , reducing by 26.59%. The erosion rate decreased from 11.85% to 8.70%. The areas of different erosion types all decreased from tens to thousands square kilometres (Table 2) . But the reduction percentages of different erosion types changed less, from 20-32% (Table 3) .
The areas of different types all reduced by above 20%, the annually average reduction rate was about 1%. The biggest reduction with 32% was moderate type, the lowest reduction with 20% was severe type, while the other three erosion types were about 25%. Table 3 Reduction rate (%) of different erosion types
Driving forces
The spatial-temporal changes of soil erosion in Fujian province were the interactional result of natural and social factors. The impact of the natural factors like soil, topography and climate is very slow. The impact of human factors like the rapid economic development and soil erosion control activities are more significant.
From 1990, the economic has developed rapidly. The GDP per capita went up from 1763 Yuan in 1990 to 67966 Yuan in 2015 Yuan. Due to the pursuit of short-term economic benefits, construction and development projects increased, such as road construction, mining, reclamation orchards and tea plantations. The excessive development causes the unreasonable land use or excessive land exploitation and leads to more serious soil erosion in some regions.
On the other hand, the Fujian government has been aware of the importance of environmental protection, and has actively made great efforts to control soil erosion. The soil erosion improved obviously for the past 25 years by afforestation, adjusting the planting structure, and so on.
CONCLUSION
USLE model was used to estimate the soil erosion of Fujian province in 1990 and 2015.
(1) The soil erosion was widely distributed and its distribution trend was decrease from south-east coastal zone to north-west inland region.
(2) The main soil erosion type was light type with about 80% in the erosion area, while the area percentage of soil erosion levels above serious type was less than 10% in the erosion area.
(3) The soil erosion obviously improved from 1990 to 2015, and the erosion area reduced by 26.59%. The areas of different erosion types all decreased.
(4) Human activities played a more important role for the spatial-temporal changes of soil erosion.
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